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PULSED  NUCLEAR  RADIATION  EFFECTS  ON  ELECTRONIC  PARTS 
AND  MATERIALS  (SPRF#1) 


INTRODUCTION 

For  the  past  several  years,  experiments  have  been  conducted  on  the  effects  of  high- intensity 
nuclear  radiation  pulses  on  electronic  parts  and  materials  including  resistors,  capacitors,  semi¬ 
conductors,  magnetic  cores,  and  coaxial  cables.  Many  of  the  results  were  found  to  be  spurious 
and  inconsistent,  and  a  few  measurements  appeared  to  indicate  that  some  of  this  erratic  behavior 
may  have  been  attributable  to  the  coaxial  cables  used  to  connect  the  exposed  parts  to  the  measuring 
instrumentation.  Therefore,  the  experiment  described  in  this  report  was  primarily  a  detailed  study 
of  pulse  nuclear  radiation  effects  in  cables  and  was  designed  to  study  the  effect  of  variations  in 
physical  and  electrical  parameters  on  the  electrical  performance  characteristics  of  various  cable 
types.  Each  tost  specimen  underwent  a  series  of  up  to  eighteen  radiation  bursts  during  which  the 
applied  voltage  was  changed.  In  addition,  tests  were  conducted  to  determine  the  radiation 
susceptibility  of  resistors  and  ferrite  inductors. 


EXPERIMENTAL  PROCEDURE 
Facility 


1.  SPHF  -  This  experiment  was  conducted  from  August  7-11,  1961,  at  the  Sandia  Pulse 
Reuctor  Facility  (SPRF),  Albuquerque,  New  Mexico.!  The  SPRF  consists  of  several  buildings 
arranged  as  shown  in  Fig.  1.  The  reactor  is  housod  in  the  reactor  building,  which  is  a  hemispherical 
dome  of  poured  concrete,  and  space  is  provided  outside  this  building  for  setting  up  instrumentation 
trailers  for  conducting  the  experiments.  The  reactor  is  raised  by  elevator  from  a  pit  for  operation 
and  is  lowered  after  each  burst.  The  beam  catcher  building  serves  to  reduce  the  radiation  level 
immediately  outside  the  reactor  building.  The  resulting  level  was  still  too  high,  however,  to  permit 
the  occupied  trailer  to  be  set  up  near  the  reactor  building.  It  was  necessary,  therefore,  to  conduct 
the  experiment  with  the  trailer  located  approximately  100  feet  away  from  the  reactor  building.  The 
remaining  buildings  are  used  by  Sandia  Corporation  for  operation  of  the  facility.  Electrical  power 

at  206  volts,  100  amperes,  3  phase,  00  cps  is  available  for  operating  the  trailer  laboratories.  Patch 
panels  and  conduits  are  available  for  signal  transmission  from  inside  the  reactor  building  to  the 
instrumentation  trailers. 

2.  SPft-  The  Sandia  Pulse  Reactor  (SPR),  Fig.  2,  is  a  bare,  enriched  uranium  assembly, 
based  on  the  design  of  the  Los  Alamos  Scientific  Laboratory’s  Godiva  II.  A  typical  burst  has  the 
following  characteristics: 

a.  f>0-microsec  width  at  half  maximum  pulse  height 

b.  3  x  10 iC  leakage  neutrons/burst 

c.  3  x  10*°  neutrons/second  peak  leakage  rate 

d.  Radiation  at  the  point  of  closest  experimental  approach 
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(1)  2  x  1013  neutrons/'cm^.  2  x  1017  neutrons/cm2-see  at  peak  intensity 

>  (E  >  1  kev) 

(2)  2  to  3  x  1013  rads  (water)  from  gammas,  2  to  3  x  107  rads/sec  from  gammas 
at  peak  intensity. 

Instrumentation 

1.  Mobile  Laboratory-  The  instrumentation  used  for  this  experiment  was  housed  in  a 
semitrailer  that  was  prepared  for  use  as  a  mobile  laboratory,  Fig.  3.  The  trailer  was  provided  with 
oscilloscopes,  a  cathode  follower-amplifier  system,  power  supplies  for  this  system,  parameter¬ 
measuring  circuitry,  a  pulse  generator,  a  frequency  generator,  a  frequency  counter,  a  time  marker 
generator,  and  other  electronic  equipment  used  in  radiation  effects  measurements.  An  inter¬ 
communication  system  was  installed  for  use  between  the  laboratory  and  the  reactor  building. 

2.  Component  Instrumentation  -  The  parts  tested  were  mounted  on  BNC  connectors  or 
directly  on  coaxial  cables  and  potted.  Coaxial  cables,  Type  RG-Q2A/U,  were  used  to  connect 
the  exposed  components  to  their  parameter-measuring  circuits  located,  for  the  most  part,  in  the 
mobile  laboratory.  The  outputs  of  the  circuits  were  fed  into  the  oscilloscopes  and  the  trace 
recorded  using  Polaroid  cameras. 

The  exceptions  to  the  above  case  occurred  where  an  ac  voltage  from  the  rf  signal 
generator  was  used  far  tests  on  magnetic  cores  and  resistors.  The  generator  and  cathode-followpi* 
amplifier,  which  was  used  for  isolation,  were  located  immediately  outside  the  reactor  building, 
and  RG-G2A/U  cable  led  from  there  into  the  trailer  laboratory. 

A  photograph  was  made  of  the  front  panel  of  each  oscilloscope  immediately  after  each 
shot  to  provide  permanent  records  of  the  oscilloscope  settings  and  to  minimize  errors  in  extracting 
data  from  the  film. 

3.  Detection  Circuits- The  parameter-measuring,  or  detection,  circuits  are  shown  in  Fig.  4. 
Their  purpose  is  to  convert  n  change  in  an  electrical  parameter  such  as  resistance,  leakuge  current, 
and  inductance  into  a  change  in  voltage  output  to  be  shown  on  the  oscilloscopes.  In  the  resistor 
test  series,  five  circuits,  including  one  with  an  nc  voltage,  were  utilized  in  an  attempt  to  determine 
whether  or  not  the  measurements  are  indopendf  ■  of  the  type  of  measuring  circuit  used. 

Figure  4 A  shows  u  bridge  circuit,  use..  >  measure  changes  of  resistance  in  resistors. 

The  bridge  arms  wore  each  equul  in  resistance  to  that  of  the  resistor  under  test. 

Figure  4B  shows  a  series  circuit  used  to  measure  the  chunge  in  current  in  coaxial  cables. 
Resistance  values  of  1  kohm  and  10  kolim  wore  used  as  Rl  to  measure  the  cable  current  change. 
This  circuit  was  also  used  to  measure  resistance  changes. 

Figure  4C  shows  another  series  circuit,  this  one  being  used  to  measure  a  voltage  change 
in  the  resistor  under  test.  Resistors  in  the  order  of  100  ohms,  1  kohm,  and  10  kohms  were  tested 
using  values  of  R^  of  100  ohms,  bOO  ohms,  and  10  kohms  in  the  circuit. 

The  circuit  of  Fig.  4D  was  used  to  study  the  effect  of  a  radiation  pulse  on  the  initial 
permeability  of  ferrite  inductors.  A  change  in  permeability  caused  by  the  radiation  pulse 
produces  a  modulation  of  the  amplitude  of  the  voltage  \;l  from  which  the  magnitude  and  duration 
of  the  change  can  be  determined.  Calibration  may  be  accomplished  using  a  variable  air  capacitor 
and  noting  the  change  in  the  L-C  circuit  voltage  as  a  function  of  the  capacitance;  the  permeability 
change  con  then  be  calculated.  To  avoid  ambiguity  in  the  permeability  measurements,  the 
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E  L-C  product  may  be  chosen  either  less  or  greater  than,  but  not  equal  to,  -  ^  -  at  which 

(277f)2 

resonance  occurs.  Thus  for  L-C  less  than  — -,an  increase  in  inductance  (or  permeability) 

(27Tf)2 

causes  an  increase  in  Vl;  for  L-C  greater  than  — ^an  increase  in  inductance  causes  a  de- 

(2tt02 

crease  in  this  voltage.  Variations  were  made  in  the  positions  of  the  cores  with  respect  to  the 
reactor;  the  cores  were  tested  both  at  the  reactor  surface  and  outside  the  reactor  building  but 
.  with  the  connecting  cable  still  at  the  reactor.  In  addition,  some  tests  were  made  with  shunt 

resistors  connected  to  the  cable  end  at  the  reactor  and  then  across  the  core  with  the  core  outside 
the  reactor  building.  (See  Table  1C.) 

Measurements  of  resistance  using  an  ac  voltage  source  were  made  with  the  circuit  of 
Fig.  4E.  A  resistance  change  in  the  resistor  R0  was  measured  as  a  change  in  the  voltage  of 
Rl,  the  change  appearing  as  an  amplitude  modulation  of  this  voltage.  A  cathode  follower-amplifier 
was  used  for  isolation  to  keep  the  lead  capacity  shunting  the  resistor  as  low  as  possible  and  to 
transmit  the  voltage  of  Rj,  to  the  recording  instrumentation  some  100  feet  away.  Any  voltage 
change  could  be  converted  to  a  resistance  change  by  means  of  a  predetermined  calibration  curve. 

The  test  circuit  was  designed  for  100-ohm  to  500-ohm  resistors  primarily  to  measure  large  resistance 
increases  of  the  order  of  20  to  30  percent  observed  in  low-value  resistors  in  earlier  GODIVA 
experiments,  and  could  not  resolve  resistance  changes  loss  than  about  7  percent- 

A  measuring  circuit  with  balanced  impedance  to  ground*  was  designed  as  an  attempt 
to  compensate  for  coaxial  cable  effects  in  the  determination  of  the  change  in  resistance  of  a  100- 
kohm  resistor.  The  circuit.,  Figure  4F,  consisted  of  two  RG-62A/TJ  type  cables  taped  side  by 
side  with  u  100-kohni  test  resistor  soldered  to  the  center  conductors  at  one  end  of  the  pair  and 
then  potted  in  paraffin.  The  cable  shields  were  connected  and  grounded  at  the  measuring 
circuitry:  n  tost  voltage  was  applied  as  shown  in  the  figure,  and  the  individual  cable  signals  were 
recorded  during  the  radiation  burst. 

Component  h  Exposed  —  Components  exposed  to  the  radiation  pulses  are  listed  below: 


Component 

Type 

Composition 

Coaxial  Cable 

KG-81.T 

MgO  Dielectric 

RG-62A/U 

Air*  Poly  ethylene  Dielectric 

RG-59B/U 

Solid  Polyethylene  Dielectric 

Twisted  Pair 

Line  Coni 

Resistor 

ioon,  Kw.  1% 

Carbon  film 

50 o.l,  !•>-,  i?; 

Carbon  film 

IkO.  \% 

Carbon  film 

10k  12,  !>, 

Carbon  film 

lookn,  !2\v,  \% 

Carbon  film 

100L,  10 w,  D"T> 

Wire  wound 

Inductor 

Ferrite 

MnZn 

Ferrite 

NiZn 

Dosimetry  -  Dosimetry  was  provided  by  both  Sandia  and  USAELRDL.  Neutron  dose  measurements 
were  made  with  sulphur  pellets  and  U23*,  Pu232,  and  Np237. 


•This  circuit  was  suggested  by  Dr.  P.  R,  Arendt,  USAELRDL. 
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Glass  rods  were  provided  for  gamma  dose  measurements.  The  sensors  for  neutron  and 
gamma  measurements  were  placed  on  the  component  stand  as  close  to  the  exposed  components  as 
was  physically  possible.  Tabic  2  lists,  by  exposure  number,  results  for  each  type  of  dosimeter  . 
employed. 


RESULTS  AND  DISCUSSION 

Tabulation  of  Data- All  data  were  obtained  in  the  form  of  photographic  records,  which  are 
graphically  reproduced  in  Figures  7-19.  Since,  in  many  cases,  experiments  were  scheduled  for 
maximum  utilization  of  circuits  and  shots  and  not  in  any  consecutive  order  or  relation,  unrelated 
curves  appear  on  many  photographs.  Tables  1A,  IB,  and  1C,  however,  group  all  pertinent  data  and 
contain  a  coded  reference  to  the  figure,  photograph,  and  trace  so  that  further  reference  can  be  made 
hy  the  reader  to  the  original  data.  The  traces  are  numbered  from  top  to  bottom.  The  tables  also 
include  information  about  the  shot  number,  measuring  circuit  used,  applied  voltage,  oscilloscope 
scale  factors,  and  the  peak  change  in  current  or  voltage  observed.  A  scale  factor,  when  given, 
represents  a  major  division  in  the  reproduced  data  photographs. 

Cables  —  The  test  circuits  for  measuring  the  cable  effects  are  shown  in  Figures  4B  and  4C.  With 
the  cable  mounted  as  shown  in  Figures  5  and  6,  measurements  were  made* of  the  change  in  cable 
current  during  irradiation  with  a  succession  of  voltages  applied,  the  voltages  ranging  from  0 
volts  through  +  200  volts.  For  some  cable  exposures,  the  battery  as  open  circuited  to  measure 
the  instrumentation  pickup  during  the  burst.  In  most  cases  this  proved  to  be  negligible.  The 
current  pulse  was  measured  as  a  change  in  voltage  across  a  measuring  resistor  of  10  kohms  or 
1  kohm.  All  cables  except  the  RG-81/U  were  40  feet  in  length  inside  tho  reactor  building  and 
connected  through  a  patch  panel  to  the  trailer  laboratory  by  100  feet  of  RG-62A/U  cable.  The 
RG-81/U  was  10  foot  in  length  and  was  connected  to  a  patch  panel  through  approximately  40  feet 
of  RG-62A/U  cable.  For  the  tests  on  straight  cables,  potted  and  unpotted,  the  ends  of  40-foot 
lengths  of  cable  were  placed  at  the  reactor,  and  the  cable  current  change  measured  as  for  the 
cable  loops. 

The  polarity  of  the  current  pulses  was  designated*  as  follows  (Fig.  21):  A  positive  current 
flow  occurs  when  positive  charges  move  along  the  off-ground  conductor  from  the  unexposed  end 
toward  tho  radiation  source.  This  is  the  same  direction  in  which  a  positive  current  flows  if 
a  battery  is  inserted  at  the  unexposed  end  so  that  its  positive  terminal  points  toward  the  radiation 
source.  A  return  path  to  ground  symbolized  by  a  resistor  in  Fig.  21  is  assumed  to  be  available 
at  least  momentarily  during  the  burst.  In  accordance  with  accepted  conventions,  the  electron  flow 
direction  is  the  opposite  of  the  positive  current  flow  direction;  i.e.,  during  a  positive  current 
pulse,  electrons  are  flowing  along  tho  center  conductor  from  the  radiation  source  to  ground  via 
the  measuring  resistor.  Negative  current  flow  is  opposite  to  that  described  above. 

A  discussion  of  the  data  can  best  be  mude  by  the  consideration  of  eat  ignificant  control 
parameter  in  the  following  manner: 

1.  Cable  Loops  —  The  loop  configuration  (Fig.  5)  was  employed  to  avoid  the  exposure  of  a 
potting  compound  close  to  the  reactor:  however,  the  configuration  doubled  the  amount  of  cable  in 
the  reactor  building  compared  to  that  of  the  straight  configuration. 

The  observations  for  the  cuble  loops  are  tabulated  in  Table  1A.  The  same  cable  samples 
were  used  throughout  the  test  series,  the  voltage  on  each  cable  being  varied  from  one  exposure 
to  another. 


*1  his  designation  was  proposed  by  D-.  E.  Both,  USAELRDL,  for  adoption  as  a  convention  in  the 
presentation  of  radiation  effects  data.  It  presents  a  complete  and  consistent  description  of  the  current 
flow  in  the  cable. 
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Although  there  is  considerable  scatter  in  the  data  for  each  cable  type,  the  peak  currents  i* 
appear  to  fall  along  a  line  whose  slope  represents  an  equivalent  minimum  resistance  to  which  the 
insulation  resistance  of  the  cable  falls  during  exposure.  This  is  illustrated  in  Fig.  22,  which 
shows  straight-line  curves.  Of  the  four  cables,  RG-D8B/U  the  least  affected  ami  showed  an 
equivalent  resistance  decrease  to  approximately  500  kohms;  the  RG-61/U  cable  decreased  in 
resistance  to  an  order  of  magnitude  lower  than  the  RG-59B/U,  possibly  due  to  the  interconnecting 
RG-62A/U  cable.  The  RG-62A/U  and  the  twisted  pair  showed  approximately  the  same  behavior, 
decreasing  to  about  100  kohms. 

2.  Straight-  Cables  -  Similar  measurements  on  potted  and  unpotted  ends  (Fig. 6)  of  RG-62A/U 
cable  showed  that  the  application  of  an  insulating  coating  inhibits  air  ionization  at  the  cable  end 
and  has  a  pronounced  stabilizing  effect  on  minimizing  the  peak  current  response.  This  is  shown 
in  Fig.  23.  Peak  currents  observed  for  both  potted  and  unpotted  straight  cables  were  generally 
lower  than  for  the  looped  cables  of  the  same  type.  The  potted-end  RG-62A/U  cable  showed  a  lower 
effect  than  the  un potted-end  straight  RG-62A/U  cable. 

8.  Applied  Voltage  --  There  was  a  general  dependence  of  the  cable  current  upon  the  magnitude 
and  polarity  of  the  applied  voltage  although  there  were,  in  some  cases,  cable  currents  which  were 
inconsistent  with  the  direction  of  the  applied  voltage. 

The  slopes  of  all  curves  appear  to  be  directed  at  the  origin*  indicating  that  low  voltages 
should  provide  low  peaked  transient  currents.  Actually,  at  zero  applied  voltage,  all  cables  showed 
a  definite  current;  in  the  cable  loops  the  direction  of  this  current  was  always  positive  and  in  the 
straight  cables,  negative.  It  is  also  noteworthy  that  at  low  applied  voltages  some  cables  currents 
showed  definite  polarity  reversals  during  the  burst  period. 

4.  Material-  There  is  a  great  difference  in  the  magnitude  of  the  cable  currents  among  the 
different  types  of  cables  studied.  The  cable  which  appeared  to  be  most  affected  was  the  RG-S1/U 
having  the  magnesium  oxide  dielectric.  Peak  current  changes  observed  here  ranged  from  +3000 

fu a  to  -2650  /.<a.  The  RG-82A/U cable  with  air-polyethylene  dielectric  showed  the  next  highest 
effects  with  current  peaks  ranging  from  +600  /xa  to  -2500  jua.  The  twisted  pair  of  wires  showed 
peak  currents  from  +400  /x a  to  -1650  yxa.  The  least  affected  of  the  looped  cables  was  the  RG-59B/U 
with  the  solid  polyethylene  dielectric  in  which  peak  currents  of  +300  to  —380  /xa  were  observed. 

5.  Dose  -  The  discussion  of  the  results  assumes  that  the  dosages  for  each  shot  were 
generally  equal.  While  this  is  not  true,  any  effects  that  were  due  to  this  difference  are  not  apparent 
in  the  data.  AH  dosimetry  data  may  be  found  in  Table  2. 

0.  History  ( Prior  Exposure )-  The  same  cables  were  used  throughout  the  entire  experiment. 

From  an  examination  of  Table  1A,  it  can  be  seen  that  no  trend  toward  stabilization  is  apparent 
as  long  as  the  applied  voltage  was  changed  for  each  succeeding  shot.  There  were,  however, 
several  successive  shots  in  which  the  voltage  was  not  changed.  These  have  been  extracted  from 
the  Table  and  are  shown  ns  follows: 
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Shot  No. 

Applied  Voltage 

(v) 

Peak  Current 

(M«) 

itG“u2(Li00p) 

; 

■  liv 

8 

-90 

-350 

12 

-12 

50 

IS 

-12 

5 

RG-62(Potted) 

10 

-6 

60 

(Straight) 

17 

-Q 

S 

18 

-6 

5 

12 

-12 

7.5 

13 

-12 

17.5 

RG-62(llnpotted) 

16 

-6 

95 

(Straight) 

17 

-6 

5 

16 

-6 

12.5 

7 

-200 

-500 

8 

-200 

-340 

RG-59(Loop) 

14 

-6 

25 

15 

-6 

-2.5/S.  3 

These  results  seem  to  indicate  that  with  a  constant  applied  voltage  on 'the  cables,  the 
induced  peak  currents  are  usually  diminished  with  repeated  exposure;  although  in  two  cases  out  of 
seven,  there  were  slight  increases. 

Resistors  -  The  resistors  were  soldered  directly  to  RG-62A/U  coaxial  cables  and  potted.  Their 
exposure  position  was  analogous  to  that  of  the  “straight”  cable  configuration.  Generalized  comment 
are  ns  follows: 

1.  100 •  and  500-ohm  Resistors  -  These  resistors  showed  no  appreciable  effect  and  were 
independent  of  the  measuring  circuit  used  and  the  applied  circuit  voltage.  Table  IB  shows  their 
apparent  percentage  changes,  assuming  that  the  exposed  resistor  was  the  only  element  in  the 
circuit  that  underwent  any  transient  change.  The  maximum  resistance  changes  were  of  the  order  of  * 
±0.1%  which  is  one  order  of  magnitude  lower  than  the  resistor  tolerance  value.  The  100-ohm  wire 
wound  resistor  showed  a  resistance  change  of  about  1%,  but  in  only  one  out  of  five  exposures. 

This  change,  however,  was  within  the  tolerance  limits  for  this  type  of  resistor  (±5%).  It  is  note¬ 
worthy  that  even  though  each  resistor  was  soldered  to  an  RG-62A/U  coaxial  cable,  which  by 

itself  is  capable  of  pronounced  erratic  behavior  (Table  1A),  the  change  in  voltage  at  the  oscil¬ 
loscope  was  still  very  small.  Apparently,  the  voltage  drop  across  the  measuring  resistor,  as  a 
result  of  the  induced  cable  current,  is  negligible.  The  poor  resolution  of  the  ac  measurement^ 
did  not  allow  any  changes  less  than  7%  to  be  detected;  within  this  resolution  no  changes  in 
resistance  could  be  observed.  Figure  8  shows  the  oscillographic  traces  obtained  from  the 
ac  tests  on  the  low-value  resistors.  For  all  practical  purposes,  it  may  be  said  that  the  100-ohm 
and  500-ohm  resistors  showed  no  effect. 

2.  1 -  and  10-kohm  Resistors  -  Making  the  assumption  as  above,  it  is  noted  that  tho  npp.-reni 
percentage  changes  for  these  resistors  were  very  erratic,  and  no  correlation  could  be  made  .vit.h  the 
applied  circuit  voltage  or  repeated  exposure.  Table  IB  shows  the  percentage  changes  tabu  la  ted 
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}EE  E  for  these  resistors.  Peak  changes  in  1-kohm  resistors  ranged  from  +6.0  to  -3.0,  and  from  16.7  E 

tu  -43.3  x«  10-kchni  rasistois.  The  only  explanation  that  can  be  postulated  is  that  the  combination 
of  cable  and  resistor  effects  produces  a  completely  random  behavior  under  the  controls  applied. 

8.  lOO^kohm  Resistors  — In  Table  IB  are  tabulated  the  data  obtained  using  the  measuring 
circuit,  Figure  IF.  This  circuit  with  symmetrical  impedance  to  giound  was  used  in  an  attempt 
to  compensate  for  spurious  cable  effects  in  measurements  of  resistance  change  in  the  higher  value 
resistor.  Theoretically,  if  the  cable  effects  were  of  the  same  magnitude,  they  could  be  made  to 
cancel,  and  this  is  indeed  the  case  with  zero  applied  voltage.  For  other  voltages,  however,  the 
data  are  seen  to  be  inconsistent  and  improbable,  ranging  from  an  increase  of  81%  to  108%  with 
one  measurement  implying  a  “negative”  resistance  (-147%).  Apparently,  although  the  circuit 
impedance  is  balanced,  the  presenoe  of  an  applied  voltage  introduces  asymmetry,  and  results  in 
unequal  cable  signals  which  do  not  cancel.  The  lack  of  the  desired  compensation  for  spurious 
cable  effects  and  the  improbability  of  the  results  obtained  preclude  the  use  of  this  circuit  for  any 
valid  measurement  on  high-value  resistors. 

Ferrite  Ceres  -  Although  pronounced  effects  were  noted  in  the  tests  on  ferrite  cores,  the  voltage 
changes  observed  during  exposure  (Table  1C)  were  essentially  the  same  for  each  oore  regardless 
of  the  position  of  the  core  either  inside  the  reactor  building  or  outside.  It,  therefore,  seems  unlikely 
that  the  magnetic  core  properties  are  affected  by  direct  exposure  of  the  cores  to  the  radiation 
pulses.  Instead  the  pronounced  voltage  changes  are  probably  due  to  radiation  induced  effeots  in 
the  interconnecting  coaxial  cable  (RG-02A/U).  A  change  in  cable  resistance,  discussed  previously, 
is  not  likely  a  factor,  since  there  are  still  pronounced  voltage  amplitude  deviations  even  with  a 
10-kohm  resistor  shunting  the  core;  decreases  in  resistance  for  the  RG-62A/U  cable  are  generally 
to  levels  of  the  order  of  500  kohms.2  The  possibility  that  the  effect  was  caused  by  a  decrease  in 
the  incremental  permeability  of  the  core  by  a  current  pulse  induced  in  the  cable  was  checked  in 
the  laboratory  after  the  experiment,  but  it  was  found  that  a  current  sufficient  to  cause  the  amplitude 
changes  shown  in  Table  1C  had  a  permanent  effect  on  the  core  permeability.  Since  there  were  no 
permanent  radiation  effects,  the  induced  cable  current  could  not  be  the  sole  factor.  A  likely  cause 
for  the  observed  behavior  is  a  cable  capacitance  change,  which  can  make  the  L-C  circuit  voltage 
decrease.  Such  capacitance  changes  were  observed  for  the  RG-62A/U  cable  in  earlier  experiments.2 

Although  it  is  not  possible  at  this  time  to  establish  the  exact  nature  of  the  cable  contribution 
to  the  observed  effect,  it  is  believed  that  the  observed  effects  are  attributable  to  the  cable  and 
that  the  ferrite  cores  were  not  affected  by  direct  irradiation. 


CONCLUSIONS 

1.  There  are  pronounced  effects  in  cables  as  a  result  of  exposure  to  pulses  of  nuclear* 
radiation.  These  effects  can  be  responsible  for  an  appreciable  portion  of  the  changes  observed 
when  cables  are  used  in  measuring  other  electronic  parts.  Neither  the  mechanisms  by  which  the 
cable  effects  occur  nor  the  individual  factors  that  govern  the  cable  behavior  in  this  environment 
are  dear.  An  attempt  to  subtract  or  compensate  for  the  cable  contribution  in  component  part 
measurements  with  the  current  knowledge  would  be  unreliable  in  many  cases  because  of  the  random 
nature  and  magnitude  of  the  cable  effects.  Some  reliable  measurements  are  possible,  however, 
when  the  signal  due  to  the  effect  in  the  electronic  part  is  considerably  greater  than  that  of  the 
spurious  cable  effect.  Further  studies  must  be  directed  at  a  thorough  understanding  of  the  nature 
and  magnitude  of  cable  response  before  measurements  on  all  electronic  parts  can  be  considered 
reliable  or  representative. 

2.  Of  the  four  looped  cables  tested,  RG-59B/U  proved  to  be  the  least  affected  under  the 
nuclear  pulse  environments  obtained.  Lower  signal  levels,  however,  were  observed  in  the 
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potted-end  RG-62A/U  cable.  The  additional  cable  length  required  for  the  looped  configuration 
apparently  contributed  more  to  the  observed  cable  effect  than  did  the  use  of  the  potting  compound. 
Since  the  RG-59B/U  was  the  most  stable  of  the  looped  cables,  it  is  expected  that  its  behavior  in 
a  potted-end  straight  configuration  would  be  superior  to  that  of  the  RG-62A/U. 

8.  There  appeared  to  be  no  effect  in  the  100-ohm  and  500-ohm  resistors.  The  measurements 
on  1-kohm,  10-kohm,  and  100-kohm  resistors  were  erratic.  The  observed  changes  are  probably  a 
combination  of  resistor  and  cable  effects  which  at  present  are  not  separable. 

4.  The  large  voltage  changes  in  the  ferrite  inductor  tests  are  also  attributed  to  changes 
in  transmission  cable  characteristics;  namely,  transient  changes  in  capacitance.  The  core  itself 
is  in  all  probability  unaffected. 
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DOSIMETRY  DATA 


TABLE!  2 


SHOT 

Temp. 
Change ( °C) 

Energies  (M 

Time  Interval  o*01  0*7 

(Minutes)  Pu  Up 

ev) 

1.5 

u 

,  xlO12 

3.0 

s 

Gamma 
Bad(H20)’ 
Glass  Bod 

1 

92.5 

0 

« 

- 

- 

0.88 

- 

2 

90.1 

126 

- 

- 

- 

1.4 

- 

3 

93.3 

124 

7.8 

3*9 

2.2 

1-5 

- 

4 

rsl.  ry 
y*+  •  V 

1 

“ 

- 

- 

2.3 

- 

5 

85.4 

111 

5-9 

3.0 

2.3 

1-3 

3300 

6 

88.2 

115 

- 

- 

m 

1-5 

2700 

7 

85-3 

122 

- 

- 

m 

1.1 

2700 

8 

96.6 

105 

- 

- 

- 

1.0 

1750 

9 

89.8 

990 

5-5 

2.2 

1.6 

0.78 

3800 

10 

84.5 

108 

- 

- 

- 

1.5 

1500 

11 

93-2 

105 

- 

- 

0.73 

2500 

12 

86.2 

99 

- 

m 

- 

0.64 

1700 

13 

95-9 

123 

.  6.9 

3*6 

2.1 

0.69 

1900 

14 

93*0 

997 

- 

- 

- 

- 

1900 

15 

94.3 

l4l 

- 

- 

- 

1.3 

1900 

16 

92.0 

101 

- 

- 

- 

O.55 

2700 

17 

84.6 

113 

- 

- 

- 

0.77 

4000 

18 

92.8 

98 

- 

- 

- 

0.72 

2100 

Shot  15 

101  Minutes 

eg.  «  between  Shot  15 

Shot  16  and  Shot  1 6 


Dosimetry  was  a/ailable  only  as  tabulated. 
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DEFINITION  OF  CURRENT  POLARITY 


BIAS  VOLTAGE  (Optional) 
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(Electrons  Flowing  to  Ground  via  Measuring  Resistor  R) 
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